Introduction: Prolonged air leak (PAL) is a common complication following pulmonary resection. It is associated with pneumonia, empyema, increased length of hospital stay and health-care costs. Intraoperative techniques have been developed to mitigate the risk of developing a PAL, but for their use to be efficient, identification of patients at risk for PAL is necessary. Aim: To determine the incidence of PAL following lobectomy and lesser pulmonary resections, risk factors for development of PALs, and the impact of PAL on hospital stay and readmission rates. Methods: The following variables were analyzed as PAL risk factors: patient characteristics of age, sex, body mass index (BMI), forced minute expiratory volume and capacity ratio (FEV1 and FEV1/FVC), diffusion capacity (DCLO), and transplant recipient status. Validated scoring systems included the Charlson Comorbidity Index (CCI), Medical Research Council (MRC) dyspnea score, and Eastern Cooperative Oncology Group (EGOC) score. Surgical factors included surgical technique, unplanned conversion from video-assisted thoracoscopic surgery (VATS) to thoracotomy, location and extent of resection, presence of adhesions, completeness of fissures, and method of fissure completion. Length of hospital stay and readmission rates were analyzed. Statistical tests performed on the data include univariate and multivariate logistic regression analyses. Results: Over the 9-month study duration there were 269 lung resections, of which 31 (11.52%) had an air leak lasting longer than 5 days. Mean length of stay in hospital was significantly longer in patients with PAL compared to the control group (13 vs 5 days, P < 0.001). Significant risk factors for PAL from multivariate 
Introduction
Air leak following pulmonary resection is a common problem and in most cases is due to an alveolar-pleural fistula [1] . The definition of a prolonged air leak (PAL) varies in the literature, but the currently accepted definition is an air leak lasting 5 or more days postoperatively [2] which is the average length of stay (LOS) in hospital following lobectomy [3] . In previous studies, PAL has been found to occur in up to 26% of patients following lobectomy and lesser pulmonary resections [4] [5] [6] [7] [8] .
The most consistent risk factors for PAL in the literature are related to reduced pulmonary function due to chronic obstructive pulmonary disease [5] [8] [9] [10] [11] [12]. Additional risk factors that have been described include reduced diffusing capacity [9] [12] , upper resections or bilobectomy [5] , pleural adhesions [5] [12] , relatively lower BMI [13] [14] , increased dyspnea score [14] , concurrent pneumothorax [9] [10], lobectomy [10] [14] , preoperative inhaled or systemic steroid use [10] [15] , radiologic findings of severe emphysema [8] , and histopathologic findings of emphysema [8] .
In most cases PAL is self-limited [10] , but it is associated with increased postoperative morbidity through increased rates of pulmonary and pleural complications such as empyema, pneumonia, and atelectasis [5] [8] [9] . Furthermore, the impact on the healthcare system is significant as it prolongs hospital stay by 4 to 13 days [8] [9] [16] and as a result increases health-care costs [17] .
Due to the clinical implications of PAL, intraoperative methods have been developed to mitigate this risk and include pleural tenting, pneumoperitoneum, staple-line buttressing, and surgical sealants [18] . These techniques are not recommended to be performed routinely as not all patients are expected to benefit from their use [19] . Additionally, they are more time consuming and costly [19] . In order to identify patients at increased risk of PAL who may benefit from the use of intraoperative preventative techniques, several studies have identified risk factors for PAL and devised scoring systems to risk stratify patients [12] [13] [14] .
The aim of this retrospective cohort study is to investigate the incidence of PAL following pulmonary resection and the most common risk factors for PAL in this group of patients. Risk factor categories include patient characteristics, validated scoring methods, and surgical factors. The Charlson Comorbidity Index (CCI) was developed as a weighted index of comorbid disease [20] and has been found to be a strong predictor of major complications following surgery for patients with non-small cell lung cancer [21] . We plan to investigate whether the CCI can be used as a predictor for PAL following resection.
Materials and Methods
All lobectomies and lesser resections performed at Vancouver General Hospital from October 2015 to July 2016 were included in the study. Inclusion criteria includes inpatients on the thoracic surgery ward, aged 18 and older, who have undergone pulmonary resection for benign or malignant causes. Patients who underwent pneumonectomy were excluded. Ethics approval was provided by the UBC Clinical Research Ethics Board.
Prospectively collected patient information was retrospectively obtained from the electronic medical record and hospital chart, and consisted of a patient's history and physical examination, MRC dyspnea score [22] , ECOG score [23] , pulmonary function tests, operation report, and pathology report.
Patient information collected included sex, age, BMI, Charlson Comorbidities, smoking status, alcoholism, FEV and FVC volumes and percent predicted, FEV/FVC ratio, diffusing capacity (DLCO), location and type of resection, presence of adhesions, completeness of fissures, method of completion for incomplete fissures, histology, TNM staging for non-small cell lung cancers, and primary diagnosis. The CCI is calculated as a weighted sum of 19 retrospectively collected patient comorbid conditions [20] . There were no patients with hemiplegia, moderate to severe liver disease, or AIDS, so these categories were not included in the analysis.
Pulmonary resections were performed by one of three thoracic surgeons at Vancouver General Hospital by video-assisted thoracoscopic surgery (VATS), thoracotomy, or midline sternotomy. Incomplete fissures were mainly completed with a stapler, although in a minority of cases electrocautery or a combination of electrocautery and staples were used.
One or two chest tubes were inserted and connected to a Pleur-Evac (Teleflex Medical, Wayne, PA) or Topaz (Medela, Baar, Switzerland) digital drainage device. The definition used for PAL was an air leak lasting 5 or more days.
Statistical analysis was performed using Stata 12 statistical software. Categorical variables were analyzed using the chi square test or Fisher exact test, whereas, continuous variables were analyzed using the two-tailed t-test. Univariate and multivariate analyses were performed. A P-value of <0.05 was considered significant.
Results

Patient Characteristics
Over the 9-month duration of the study there were 269 lung resections that met inclusion criteria. There were 135 men (50.2%) and 134 (49.8%) women with a mean age of 61.35 years, as is shown in Table 1 . PAL occurred in 31 patients (11.52%) and was most frequently observed in patients undergoing resection for primary lung cancer, followed by other causes and pneumothorax, as is shown in Table 2 .
Patients with a normal BMI were more likely to have PAL compared to those with an overweight BMI (P = 0.007) on univariate analysis. For those with PAL there was a trend for increased age (P = 0.132). The proportion of PAL was highest in the 70 -79 years age group (n = 12), but this did not reach statistical significance (P = 0.32). There is a trend for association of PAL with age ≥ 70 years (P = 0.105). Non-significant patient characteristics include mean age (P = 0.13), sex (P = 0.83), FEV1% predicted (P = 0.89), FEV1/FVC% (P = 0.38), DLCO% (P = 0.38).
Validated Scoring Methods
When ECOG status is grouped into two categories: 0 -1 and ≥2, there is very weak evidence of association of ECOG ≥ 2 with PAL (P = 0.099). Statistically insignificant validated scores include mean CCI (P = 0.38) and MRC dyspnea score (P = 0.55), as is shown in Table 3 .
Current Habits and Charlson Comorbidities
Cerebrovascular disease was found to be associated with PAL (P = 0.030) and there was a trend for association of uncomplicated diabetes with PAL (P = 0.145). All remaining comorbidities were not found to be significantly associated with PAL, as is shown in Table 4 .
Length of Stay and Readmission Outcomes
LOS was significantly longer for patients in the air leak group with a mean length of stay of 12.61 days compared to 4.95 days in the control group (P < 0.001). PAL was not significantly associated with increased readmission rates. Readmission at 30 days was 3.2% (n = 1) in the PAL group and 0.42% (n = 1) in the control group (P = 0.22).
Readmission at 90 days was 3.2% (n = 1) in the PAL group and 2.1% (n = 5) in the control group (P = 0.5). Frequency of readmission at 30 and 90 days was small and similar between groups. There were 2 deaths in the study, both in the control group, and due to cardiac arrest (n = 1) and acute respiratory distress syndrome (ARDS) (n = 1), as is shown in Table 5 .
Surgical Factors
The majority of surgeries (93.3%) were performed using video-assisted thoracoscopic surgery (VATS). Surgical factors that are statistically significant risk factor for PAL include VATS that involved an unplanned conversion to thoracotomy (P = 0.011) and RUL lobectomy (P = 0.001). Any upper lobectomy, defined as right upper lobectomy, left upper lobectomy, or left apical trisegmentectomy, was significantly associated with PAL (P = 0.014), as well as any upper lobectomy or bilobectomy (P = 0.012). Also significantly associated with PAL was the presence of adhesions (P < 0.001), as is shown in Table 6 .
Multivariate Analysis
The results following multivariate regression analysis are shown in Table 7 and Table   8 . Significant predictors of PAL following multivariate regression include unplanned conversion from VATS to thoracotomy (P = 0.023), right upper lobectomy (P = 0.001), and normal BMI compared to an overweight BMI (P = 0.009).
Discussion
The aim of this retrospective cohort study was to investigate the incidence of PAL following pulmonary resection and the most common risk factors for PAL in this group of patients. We defined a prolonged air leak as an air leak lasting 5 or more days postoperatively. In previous studies, PAL has been found to occur in up to 26% of patients following lobectomy and lesser pulmonary resections [4] [5] [6] [7] [8] and is associated with increased postoperative morbidity through increased rates of pulmonary and pleural complications such as empyema, pneumonia, and atelectasis [5] [8] [9] . In this study the incidence of prolonged air leak was 11.52% which is similar to the incidence found in previous studies.
Previous studies have found that the impact of PAL on the healthcare system is significant as it prolongs hospital stay by 4 to 13 days [8] [9] [16] and as a result increases health-care costs [17] . The mean LOS for patients with PAL in our study was significantly longer at 12.6 days compared to 5.0 days for patients in the control group (P < 0.0001). There was no association found between PAL and readmission rates at 30 and 90 days, or increased mortality.
Preoperative patient characteristics, validated scoring methods, and surgical factors were analyzed as possible risk factors. Normal BMI, compared to an overweight BMI, was a significant predictor of PAL. A relatively lower BMI has been found to be a risk factor in other studies [13] [14]. Brunelli et al. [13] developed a scoring system based assigning points based on individual risk factors, with a maximum score of 5.5, and includes 2 points for BMI < 25.5. From the total score they assigned four risk categories which demonstrated increasing PAL incidence in their validation set. Rivera et al. [14] developed an Index of PAL (IPAL), in which BMI < 24 increases IPAL, which is associated with increased risk of PAL. Patients with an overweight BMI have increased intra-abdominal pressure which forces the diaphragm cephalad helping to reduce the residual space following resection. There was a trend for age > 70 to be associated with PAL which may be due to a more fragile lung parenchyma and reduced healing capacity in this population. There was also a trend for association of FEV1 > 80% and DLCO > 80% with decreased odds of PAL on multivariate analysis. This aligns with previous studies which have consistently found reduced pulmonary function due to [12] . There was also a trend for risk of air leak to differ based on primary diagnosis, however, due to the small sample size, we were unable to perform multivariate analysis.
The CCI was developed in 1987 by Charlson and colleagues in a cohort study of 559 medical patients as a weighted sum of patient comorbid conditions [20] . It was subsequently tested in a population of patients undergoing treatment for breast cancer, and when patients were grouped into CCI categories of 0, 1 -2, 3 -4, and ≥5, there was a stepwise increase in mortality with increasing CCI. Birim et al. [21] investigated using the CCI to predict surgical risk in patients operated on for non-small cell lung cancer, and found that the CCI was a strong predictor of major complications, but not minor complications which included air leak >5 days [21] . CCI grouped into the categories mentioned above was not found to be a predictor of PAL, however from univariate analysis of the individual Charlson comorbidities there was an association between cerebrovascular disease (CVD) and PAL, which may be due to smoking as a risk factor for CVD. For this study we investigated whether current smoking was a risk factor for PAL, and it is a limitation of this study that we did not take into consideration packyear smoking history. There was also a trend for association of uncomplicated diabetes mellitus with PAL which may be due to reduced healing capacity in diabetic patients.
There is weak evidence of an association of ECOG ≥ 2 with PAL and MRC dyspnea score did not have a significant association with PAL.
Surgical factors that had a statistically significant association with PAL include an unplanned conversion from VATS to thoracotomy, presence of adhesions, and right upper lobectomy. Conversion from VATS to thoracotomy occurred with operations in which it was difficult to access and resect necessary structures which resulted in increased lung manipulation. Some of the conversions from VATS to thoracotomy were performed due to the presence of dense adhesions. Previous studies have found adhesions to be a risk factor for PAL [5] [12] as their presence may cause tears in the lung parenchyma with manipulation of the lung, contributing to PAL. Right upper lobectomy involves both the major and minor fissures. There was a trend for association of lobectomy and upper lobectomy with PAL. Lobectomies involve resection of more lung parenchyma compared to sublobar resections, and combined with the effects of gravity, a larger residual apical space may prevent visceral and parietal pleural apposition for upper lobectomies.
Limitations include that this a single-centre study with a small sample size. Furthermore, as a retrospective observational study, the patient data collected and operation reports were not intended to be used for this purpose, and therefore there is bias introduced through the interpretation of these data sources.
Conclusion
In conclusion, unplanned conversion, adhesions, and right upper lobectomy were the most significant surgical factors associated with PAL in our study. We observed several trends consistent with previously described predictors in the literature; however, our study was limited by small sample size.
